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ticles having average particle diameter of not more than 
200 nm and water soluble cationic polymer having spe- 
cific structure, wherein the layer surface pH of said ink 
absorptive layer of 3 to 6. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to an ink jet recording sheet, and specifically to an ink jet recording sheet in 
which image blur, after printing, is reduced. 

BACKGROUND OF THE INVENTION 

10 [0002] Ink jet recording is carried out by ejecting micro-droplets employing various working principles and attaching 
them onto a recording sheet of paper and the like to record images, letters etc., and exhibits advantages such as rela- 
tively high speed, low noise, easy application for multicolor, etc. Conventional problems of this system regarding clog- 
ging of nozzles and maintenance have been solved by improving both aspects of ink and device, and at present, ink jet 
recording has been rapidly applied to a variety of fields such as various printers, facsimile machines, computer termi- 

15 nals, and the like. 

[0003] Requirements for a recording sheet employed in such ink jet recording system is that the density of printed 
dots is high, color tone is bright and clear, ink is rapidly absorbed and when printed dots are superimposed, ink should 
neither run nor blot, the diffusion of a printed dot in the lateral direction should not be greater than needed, and the cir- 
cumference should be smooth and result in no blurring; and the like. 
20 [0004] Specifically, at low rates of ink absorption, when recording is carried out by superimposing at least two color 
ink droplets, on a recording sheet, droplets result in repellence to cause unevenness, and in the boundary area of dif- 
ferent colors, different color inks blot with each other. As a result, image quality tends to be markedly degraded. There- 
fore, it is required that the recording sheet exhibits high ink absorbability. 

[0005] In order to solve these problems, conventionally, a great number of techniques have been proposed. 

25 [0006] For example, a recording sheet comprising pigments and fine silica particles having specified physical 
parameters described in Japanese Patent Publication Open to Public Inspection No. 3-27976, etc.; a recording sheet 
containing fine silica particles such as colloidal silica described in Japanese Patent Publication Open to Public Inspec- 
tion No. 7-276789, etc.; a recording sheet containing fine hydrated alumina particles described in Japanese Patent Pub- 
lication Open to Public Inspection No. 5-16517, etc., and the like. 

30 [0007] These void type recording sheets are preferred in which fine voids are formed in the ink receptive layer 
employing fine inorganic particles and a hydrophilic binder because relatively high gloss is obtained, as high quality 
glossy sheets. 

[0008] As such fine inorganic particles, fine silica particles having anionic surfaces are preferably employed, 
because excellent gloss is obtained. Of these, specifically preferred are composite particles having an average particle 
35 diameter of no more than 1 00 nm, which are prepared by combining fine silica particles with an average primary particle 
diameter of no more than 30 nm, synthesized employing a gas phase method, with a cationic polymer in terms of the 
possible coexistence of high gloss and void ratio. 

[0009] Further, after ink jet recording, a problem occurs in which when recorded images are stored under high 
humidity, or water droplets adhere to images, images tend to blot. 
40 [0010] In order to overcome this problem, a number of techniques have been proposed. 

[0011] Japanese Patent Publication Open to Public Inspection No. 57-36692 describes the use of basic mordant 
latex; Japanese Patent Publication Open to Public Inspection No. 59-198188 describes a method of impregnating pol- 
yethyleneimine; and Japanese Patent Publication Open to Public Inspection No. 62-174184 describes the use of pol- 
yarylamine as a mordant. 

45 [0012] Further, in Japanese Patent Publication Open to Public Inspection Nos. 6-234268, 7-125411, etc., many 
techniques are disclosed in which the dying affinity of an ink dye is improved by the addition of cationic mordants. 
[0013] However, almost all of them disclosed in the prior art result in problems in which when mixed with fine inor- 
ganic particles with anionic surfaces, such as silica, coagula tend to be formed and good coating composition cannot 
be prepared, or the glossiness of a coated layer surface markedly decreases, and the like. 

so [0014] In order to improve this point, in the previous application (Japanese Patent Publication Open to Public 
Inspection No. 10-217601), the present applicants applied for a patent in which a water-soluble cationic polymer having 
an average molecular weight of no more than 500,000 was employed. Employing this, excellent water resistance and 
gloss have been obtained. 

[0015] However, as a result of inspections since then, it was found that when within a relatively short period after 
55 printing with an ink jet printer, ink jet printed sheets were piled or stored in a clear file, etc., images tended to blot during 
aging. Thus, further improvement has been desired. 

[0016] This blur during aging depends on the types of dyes in the employed ink, or the content of water-soluble high 
boiling point organic solvents. In addition, it has been found that the blur also depended on the dye fixability of recording 
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sheets. 



[0017] The present inventors are presenting the present invention having discovered that image blur after printing 
is improved by employing the specified structure of cationic polymers as well as the specified pH of the coated layer. 
[0018] An object of the present invention is to provide an ink jet recording sheet in which in an ink jet recording 
sheet having a void layer comprised of fine inorganic particles as well as a hydrophilic binder, image blur after printing 
is reduced while maintaining high glossiness as well as a high void ratio. 

DESCRIPTION OF THE INVENTION 

[0019] The ink jet recording sheet of the invention is described. 

1. An ink jet recording sheet comprising a support having thereon an ink-absorptive layer comprising a hydrophilic 
binder, tine inorganic particles having an average particle diameter of no more than 200 nm and a water-soluble 
cationic polymer represented by formula (1) described below, wherein pH of a surface of the ink-absorptive layer is 
3 to 6.5. 



In the formula R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R 1( R 2 , and R 3 each 
independently represents an alkyl group, and J represents a divalent bonding group. X" represents an anion. Q rep- 
resents a repeat unit, derived from a monomer having an ethylenic unsaturated group. Q includes the case in which 
at least two types of monomers are polymerized, x represents 40 to 100 mole percent and y represents 0 to 60 
mole percent. 

2. An ink jet recording sheet comprising a support having thereon an ink-absorptive layer comprising a hydrophilic 
binder, fine particles having an average particle diameter of no more than 200 nm which are formed by composing 
inorganic particles having an average primary particle diameter of no more than 30 nm, and a water-soluble cati- 
onic polymer represented by formula (1) described below, wherein pH of a surface of the ink-absorptive layer is 3 
to 6.5. 



In the formula R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R^ R 2 , and R 3 each 
independently represents an alkyl group, and J represents a divalent bonding group. X" represents an anion. Q rep- 
resents a repeat unit, derived from a monomer having an ethylenic unsaturated group. Q includes the case in which 
at least two types of monomers are polymerized, x represents 40 to 100 mole percent and y represents 0 to 60 
mole percent. 

3. An ink jet recording sheet comprising a support having thereon an ink-absorptive layer comprising a hydrophilic 
binder, fine particles having an average particle diameter of no more than 200 nm which are formed by composing 
inorganic particles having an average primary particle diameter of no more than 30 nm, and a water-soluble cati- 
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onic polymer represented by formula (1) described below, having an average molecular weight of no more than 
100,000, wherein pH of a surface of the ink-absorptive layer is 3 to 6. 

Formula (1) 

R 

x- 

In the formula R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R 2 , and R 3 each 
independently represents an alkyl group, and J represents a divalent bonding group. X* represents an anion. Q rep- 
resents a repeat unit, derived from a monomer having an ethylenic unsaturated group. Q includes the case in which 
at least two types of monomers are polymerized, x represents 50 to 100 mole percent and y represents 0 to 50 
mole percent. 

4. An ink jet recording sheet comprising a support having thereon an ink-absorptive layer comprising a hydrophilic 
binder, inorganic particles having an average primary particle diameter of no more than 30 nm, and a water-soluble 
cationic polymer represented by formula (1) described below, wherein pH of a surface of the ink-absorptive layer is 
3 to 6.5. 

Formula (1) 

R 

-CH2— N+-R 2 
R 3 

X" 

In the formula R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R 1( R 2 , and R 3 each 
independently represents an alkyl group, and J represents a divalent bonding group. X' represents an anion. Q rep- 
resents a repeat unit, derived from a monomer having an ethylenic unsaturated group. Q includes the case in which 
at least two types of monomers are polymerized, x represents 40 to 100 mole percent and y represents 0 to 60 
mole percent. 

5. An ink jet recording sheet comprising a support having thereon an ink-absorptive layer comprising a hydrophilic 
binder, inorganic particles having an average primary particle diameter of no more than 30 nm, and a water-soluble 
cationic polymer represented by formula (1 ) described below, having an average molecular weight of no more than 
100,000, wherein pH of a surface of the ink-absorptive layer is 3 to 6. 

Formula { 1 ) 



R 




In the formula R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R t , R 2 , and R 3 each 
independently represents an alkyl group, and J represents a divalent bonding group. X" represents an anion. Q rep- 
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resents a repeat unit, derived from a monomer having an ethylenic unsaturated group. Q includes the case in which 
at least two types of monomers are polymerized, x represents 50 to 100 mole percent and y represents 0 to 50 
mole percent. 

6. An ink jet recording sheet comprising a support having thereon an ink-absorptive layer comprising a hydrophiiic 
binder, fine inorganic particles having an average particle diameter of no more than 200 nm and a water-soluble 
cationic polymer represented by formula (1) described below, and a cationic polymer other than the water-soluble 
cationic polymer represented by formula (1) described below, wherein pH of a surface of the ink-absorptive layer is 
3 to 6.5. 



Formula (1) 



R 



R 3 



In the formula R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R 1( R 2 , and R 3 each 
independently represents an alkyl group, and J represents a divalent bonding group. X" represents an anion. Q rep- 
resents a repeat unit, derived from a monomer having an ethylenic unsaturated group. Q includes the case in which 
at least two types of monomers are polymerized, x represents 40 to 100 mole percent and y represents 0 to 60 
mole percent. 



EMBODIMENTS OF THE INVENTION 



[0020] The present invention will now be de ta iled below. 

[0021] The ink-absorptive layer is a^voidly^ink absorbing layer comprised of a hydrophiiic binder and fine inor- 
ganic particles. Ink is considered to be afJSOTBed in the voids formed between the fine particles, caused by providing a 
layer of the hydrophiiic binder with fine particles formed by composing inorganic fine particles. Listed as examples of 
fine inorganic particles can be white inorganic pigments such as soft calcium carbonate, heavy calcium carbonate, 
magnesium carbonate, kaolin, clay, talc, calcium sulfate, barium sulfate, titanium dioxide, zinc oxide, zinc hydroxide, 
zinc sulfide, zinc carbonate, hydrotalcite, aluminum silicate, diatomaceous earth, calcium silicate, magnesium silicate, 
synthesized amorphous silica, colloidal silica, alumina, colloidal alumina, pseudoboehmite, aluminum hydroxide, 
lithopone, zeolite, magnesium hydroxide, etc. 

[0022] These inorganic fine particles are preferably those having average primary particle diameter of not more 
than 30 nm, and more preferably not more than 16 nm in view of obtaining the advantage of the invention markedly. The 
lower limit of the particle diameter of the primary particles is about 40 nm in view of difficulty of preparation. 
[0023] In the present invention, silica or pseudoboehmite is preferred so that specifically, the transparency of a layer 
is high and fine voids are formed. Particularly, silica synthesized by a gas phase method is most preferably employed. 
[0024] As the fine silica particles synthesized by a gas phase method, for example, AEROSIL Series manufactured 
by Nihon Aerosil Co., Ltd. is commercially available. 

[0025] These inorganic fine particles can be employed in the form of the primary particles, or in the form of second- 
ary aggregated particles. The fine particles observed in the recording sheet are allowed to have restriction as claimed 
in the application. 

[0026] The fine particles areUiose comprising the inorganic fine particles mentioned above, preferable having aver- 
age diameter of not more than/gOOjini. Herein, the average particle diameter of fine inorganic particles is obtained by 
measuring particle diameters oFrandomly selected 100 particles employing a microscope and calculating a simple 
average (a number average). The particle diameter as described herein is represented by the diameter of an assumed 
circle which has the same area as the projection area of each grain. 

[0027] The recording sheet of the invention comprises at least said inorganic fine particles and water-soluble cati- 
onic polymer. In one embodiment, said inorganic fine particles are employed by forming a cationic composite particles 
with the cationic polymer represented by formula (1) as a preferable example. 

[0028] The average particle diameter of said fine particles is preferably not more than 200 nm, and more preferably 
160 nm in view of obtaining the advantage of the invention markedly. The lower limit of the average particle diameter is 
not limited from the view point of obtaining the advantage of the invention. Practically it is about not less than 20 nm 
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when the fine particles are formed by employing the inorganic fine particles having the primary average diameter. 
[0029] One example includes the ink-absorptive layer of the ink jet recording sheet comprises at least a hydrophilic 
binder, fine particles having specific particle diameter and a cation polymer represented by formula (1). 
[0030] In one embodiment of the invention, the above-mentioned fine inorganic particles are employed upon form- 
5 ing cationic composite particles with a cationic polymer having an average molecular weight of no more than 100,000, 
represented by general formula (1 ). 

[0031] These fine particles, namely composite particles, are prepared by mixing the cationic polymer and the inor- 
ganic fine particles. When an aqueous solution comprising a water-soluble polymer is mixed with a dispersion compris- 
ing fine inorganic particles with anionic surfaces, a coagulation is formed and the resultant mixture is dispersed so that 

w coagula formed during that time are dispersed. 

[0032] By carrying out this dispersion processing, is obtained a dispersion of fine inorganic particles which are sub- 
jected to cation conversion. Employed as dispersion processing methods can be a variety of conventional types of 
homogenizers known in the art such as a high speed rotation homogenizer, a media agitation-type homogenizer (a ball 
mill, a sand mill, etc.), an ultrasonic homogenizer, a colloid mill homogenizer, a roll mill homogenizer, a high pressure 

is homogenizer, etc. However, in the present invention, the ultrasonic homogenizer or the high pressure homogenizer is 
preferably employed so that fine particles like as undissolved coagula are efficiently dispersed. 
[0033] The ultrasonic homogenizer generally generates ultrasonic waves at 20 to 25 KHz so that energy is con- 
verged on the interface between solid and liquid to result in dispersion, and dispersion is carried out efficiently. I is suit- 
able for preparing smaller amount of dispersion. 

20 [0034] On the other hand, a pressure homogenizer is constructed in such a manner that at the exit of a high pres- 
sure pump, having 3 or 5 pistons, one or two homogeneous valves are provided in which the gap can be adjusted, 
employing a screw or oil pressure. Pressure is applied to a liquid medium conveyed by the high pressure pump while a 
flow is restricted employing the homogeneous valve, and when passing the homogeneous valve, fine undissolved coag- 
ula are pulverized. 

25 [0035] This system can continually disperse a large amount of liquid, and is most preferably employed to prepare 
a large amount of dispersion. The pressure applied to the homogenous valve is generally between 50 and 1,000 
Kg/cm 2 , and the dispersion may be completed in one cycle or several repeated cycles. 
[0036] The above-mentioned dispersions may be employed in combination of at least two types. 
[0037] When preparing a cationic dispersion, it can be prepared upon adding a various types of additives. 

30 [0038] For example, if desired, employed can be various types of nonionic or cationic surface active agents, anti- 
foaming agents, nonionic hydrophilic polymers (polyvinyl alcohol.^lyyjnyjp^ yrrolidoj ie, polyethylene oxide, polyacryla- 
mide, various types of sugars, gelatin, Pullulan, etc.), nonionic or qationic latexes dispersic^, water-miscible organic sol- 
vents (ethyl acetate, methanol, ethanol, isopropanol, n-propanol, acetolieT^tc^rinorganic salts, pH modulators, etc. 
[0039] Specifically, water-miscible organic solvents are preferred due to minimizing the formation of fine undis- 

35 solved coagula formed through mixing fine inorganic particles and a cationic polymer. Such a water-miscible organic 
solvent is employed preferably in an amount of 0.1 to 20 weight percent in the dispersion, and most preferably in an 
amount of 0.5 to 10 weight percent. 

[0040] When the cationic dispersion is prepared, the pH may widely vary depending on types of fine inorganic par- 
ticles, types of cationic polymers, various types of additives, etc. However, generally, the pH is between 1 and 8, and is 
40 most preferably between 2 and 7. 

[0041] The cationic polymers employed in the present invention are represented by general formula (1). 

[0042] In the general formula (1 ), R represents a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms, 

and is preferably a hydrogen atom or a methyl group. 

[0043] R 1t R 2 , and R 3 each independently represents an alkyl group, and each is preferably a methyl group or an 
45 ethyl group. Each of these alkyl groups may have a substituent. 

[0044] J represents a divalent bonding group, a simple bonding group or a divalent organic group, and preferably 
represents - CON(R') (R* represents a hydrogen atom or an alkyl group which may have a substituent) as the organic 
group. 

[0045] X* represents an anion (a halogen ion, a methyl sulfate ion, a p-toluenesulfonate ion, etc.). 
so [0046] Q represents a repeated unit, derived from a monomer having an ethylenic unsaturated group. 

[0047] Listed as specific examples of monomers represented by Q can be, for example, styrene, butadiene, methyl 
methacrylate, ethyl methacrylate, butyl methacrylate, ethyl acrylate, butyl acrylate, hydroxyethyl methacrylate, vinyl 
acetate, vinyl ether, acrylamide, N-methylacrylamide, N-vinylimidazole, 4-vinylpyridine, N-vinylpyrrolidone, vinyl chlo- 
ride, etc. 

55 [0048] Q includes the case in which at least two types of monomers are polymerized, x represents 40 to 100 mole 
percent and y represents 0 to 60 mole percent, preferably, x represents 50 to 100 mole percent and y represents 0 to 
50 mole percent, and x is most preferably between 70 and 100 mole percent while y is most preferably between 0 and 
30 mole percent. 
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[0049] Specific examples of cationic polymers represented by the general formula (1 ) are shown. 
P-1 

-{-CH2--CH-V- 
V I /10O 

CH2-^-CH 3 
c »~ CH 3 
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P-3 



— f-CHj-CHA- 



CH 2 — N*-CH 
c >~ CH 3 




-(-CH^-CH^ 



3s CHj— rr-CH 2 CH 2 OH 



cr ch 3 
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CH2— N + -CH 3 
cr CH 3 
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P-9 



10 



COOC 4 H9(n) 

Cr C2H 5 
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P-13 



COOC 2 H 5 

CH 3 




P-14 



_(_CH 2 -CH^- 5 "fcH^-CH^ -fcH^-CH^ 





fH 3 



CH^fjT-CHa 



cr 



CH 3 



P-15 



-(-CH 2 -CH^- o 




cr 



ch 3 

CH^N^CH 3 
CH 3 



Cr 



COOC2H 4 OH 



-fcH^CH^ 

COOC 2 H 4 OH 



P-16 

_|-CH 2 -CH^ -(-CH^CH^ 




cr 



CH 3 



10 



EP 1 002 660 A1 



P-17 




OCH 3 




CH2--N*-CH : 
CP CH 3 



P-18 




COOC4H9 



CH2—N+-CH2 




cr 




[0050] The average molecular weight, represented by number average molecular weight, of the cationic polymers 
represented by general formula (1) is required to be no more than 100,000. 

[0051] The number average molecular weight as described herein is a value converted to styrene value obtained 
by gel permeation chromatography. 

[0052] When the number average molecular weight is not more than 100,000, coagula are prevented upon adding 
an aqueous cationic polymer solution to dispersion containing fine anionic inorganic particles. Therefore, a uniform dis- 
persion can be formed. When a fine composite particle dispersion composed of such a cationic polymer and fine inor- 
ganic particles are applied to an ink jet recording sheet, high gloss cannot be obtained. Accordingly, the number 
average molecular weight is preferably no more than 50,000. 

[0053] The lower limit of the number average molecular weight is generally at least 2,000 in terms of water resist- 
ance of dyes, and is most preferably at least 5,000. 

[0054] The ratio of the above-mentioned fine inorganic particles to the polymer varies depending on types of fine 
inorganic particles, diameters, or types of cationic polymers and average molecular weight, however, is generally 
between 1 : 0.01 and 1:1. 

[0055] Various types of hydrophilic binders may be employed in the recording sheet of the present invention. The 
hydrophilic binders are preferred which result in neither coagulation nor remarkable viscosity increasing function when 
mixed with fine inorganic particles and cationic polymer. Listed as such hydrophilic binders can be, for example, gelatin 
(preferably acid-treated gelatin), polyvinylpyrrolidone (preferably having an average molecular weight of at least 
200,000), Pululan, polyvinyl alcohol or derivatives thereof, polyethylene glycol (preferably having an average molecular 
weight of at least 100,000), hydroxyethyl cellulose, dextran, dextrin, water-soluble polyvinyl butyral. These hydrophilic 
binders may be employed individually, or in combination of at least two types. 

[0056] Specifically preferred hydrophilic binders are polyvinyl alcohols or cation-modified polyvinyl alcohols. 
[0057] The average polymerization degree of polyvinyl alcohol preferably employed in the present invention is pref- 
erably between 300 and 4,000, and specifically, those having an average molecular weight of at least 1,000 are pre- 
ferred because the brittleness of the resultant layer is improved. Furthermore, the saponification ratio of polyvinyl 
alcohol is preferably between 70 and 100 percent, and is most preferably between 80 and 100 percent. 
[0058] Furthermore, the cation-modified polyvinyl alcohol is obtained by saponifying a copolymer of ethylenic 
unsaturated monomers having a cationic group with vinyl acetate. 

[0059] Listed as ethylenic unsaturated monomers having a cationic group are, for example, trimethyl-(2-acryla- 
mide-2,2-dimethylethyl)ammonium chloride, trimethyl-(3-acrylamide-3,3-dimethylpropyl)ammonium chloride, N- 
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vinytimidazole, N-vinyl-2-methylimidazole, N-(3-dimethylaminopropyl)methacrylamide, hydroxylethy It ri methyl am mo- 
nium chloride, trimethyl(-methacrylamidopropyl)ammonium chloride, N-(1,1-dimethyl-3-dimethylaminopropyl)acryla- 
mide, etc. 

[0060] The ratio of monomers containing a cation-modified group of cation-modified polyvinyl alcohol is between 
5 0.1 and 10 mole percent of vinyl acetate, and is preferably between 0.2 and 5 mole percent. 

[0061] The polymerization degree of the cation-modified polyvinyl alcohol is generally between 500 and 4,000, and 
is preferably between 1 ,000 and 4,000. 

[0062] Furthermore, the saponification ratio of the cation-modified polyvinyl alcohol is generally between 60 and 
100 mole percent, and is preferably between 70 and 99 mole percent. 
w [0063] The above-mentioned hydrophilic binders employed in a relatively small amount for fine inorganic particles 
so that the ink absorptive layer works as a voicnayert The binder is preferred to be employed as minute as possible in 
the range in which the layer is stably formed, and the adhesion to the support is sufficiently secured. Generally, the 
employed amount is between 1/3 and 1/10 for the above-mentioned fine inorganic particles, and is specifically prefera- 
ble between 1/4 and 1/8. 

15 [0064] In order to obtain high glossiness as well as a high void ratio without degrading the layer brittleness, the ink 
jet recording sheet of the present invention is preferably hardened by hardeners. 

[0065] Generally speaking, such hardeners are compounds having a group which can react with the above-men- 
tioned hydrophilic binder, or compounds which promote reactions between different groups, which are incorporated into 
the hydrophilic binder, and are suitably selected and employed in response to the types of binders. 

20 [0066] Listed as specific examples of hardeners are, for example, epoxy series hardeners (diglycidyl ethyl ether, 
ethylene glycol diglycidyl ether, 1,4-butanediol diglycidyl ether, 1 ,6-diglycidylcyclohexane, N,N-diglycidyl-4-glycidyloxy- 
aniline, sorbitol polyglycidyl ether, glycerol polyglycidyl ether, etc.), aldehyde series hardeners (formaldehyde, glyoxat, 
etc.), active halogen series compounds (2,4-dichloro-4-hydroxy-1 ,3,5-s-triazine, etc.), active vinyl series compounds 
(1 ,3,5-torisacryroyl-hexahydro-s-triazine, bisvinylsulfonyl methyl ether, etc.), boric acids and salts thereof, borax, alumi- 

25 num alum, etc. 

[0067] When polyvinyl alcohols and/or cation -modified polyvinyl alcohols are employed as specifically preferred 
hydrophilic binders, hardeners are preferably employed which are selected from boric acids and salts thereof, and 
epoxy series hardeners. 

[0068] The most preferable hardeners are those selected from boric acids and salts thereof. 
30 [0069] In the present invention, the boric acids and salts thereof show oxygen acids having a boron atom as the 
central atom, and include orthoboric acid, diboric acid, metaboric acid, tetraboric acid, pentaboric acid, and octaboric 
acid, and salts thereof. 

[0070] The employed amount of the above-mentioned hardeners vary depending on types of hydrophilic binders, 
types of hardeners, types of fine inorganic particles, their ratio to hydrophilic binders, etc., however, it is generally 

35 between 5 and 500 mg per gram of the hydrophilic binder, and is preferably between 10 and 400 mg. 

[0071] The above-mentioned hardeners may be added to a void layer-forming coating composition and/or coating 
compositions which form other layers adjacent to the void layer. Alternatively, hardeners may be provided to the void 
layer in such a manner that the above-mentioned void layer-forming coating composition is applied onto a support onto 
which a hardener-containing coating composition has been applied, and further after coating and drying a hardener- 

40 free void layer-forming coating composition, a hardener solution is applied thereon. However, in terms of production effi- 
ciency, hardeners are preferably added to a void layer-forming coating composition or a coating composition of a layer 
adjacent to the void layer so that hardeners are supplied at the same time when the void layer is formed. 
[0072] To the ink absorptive layer of the ink jet recording sheet of the present invention and other layers which are 
provided as required, various types of additives other than those described above can be added. 

45 [0073] Added can be, for example, polystyrene, polyacrylic acid esters, polymethacrylic acid esters, polyacryla- 
mide^Dolyethylene, polypropylene, polyvinyl chloride, polyvinylidene chloride, or copolymers thereof, urea resin, or 
fine<^anicTktex particles such as melamine resin, etc., liquid paraffin, dioctyl phthalate, tricresyl phosphate, fine oil 
droplets-suen as silicone oil, various types of/catidnic polymers^ various types of cationic or nonionic surface active 
agents, UV absorbers described in Japanese PaferrTPublicatibn'Open to Public Inspection Nos. 57-74193, 57-87988, 

so and 62-261476, anti-discoloring agents described in Japanese Patent Publication Open to Public Inspection Nos. 57- 
74192, 58-87989, 60-72785, 61-146591, 1-95091, and 3-13376, fluorescent whitening agents described in Japanese 
Patent Publication Open to Public Inspection Nos. 59-42993, 59-52689, 62-280069, 61-242871, and 4-219266, and 
various types of additives known in the art such as pH regulators, for example, sulfuric acid, phosphoric acid, citric acid, 
sodium hydroxide, potassium carbonate, etc., anti-foaming agents, antiseptics, thickeners, antistatic agents, matting 

55 agents, etc. 

[0074] The void volume in the ink absorptive layer of the ink jet recording sheet of the present invention is between 

about 20 and about 40 ml/m 2 , and further, the void ratio in this layer is between about 0.5 and about 0.8. 

[0075] The above-mentioned ink absorptive layers may be composed of at least two layers. In such a case, the 
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compositions of these ink absorptive layers may be the same or different. 

[0076] When the ink absorptive layers are composed of at least two layers, the cationic polymer represented by 
general formula (1 ) may be added to all the ink absorptive layers or some of them, however, it is preferably added to the 
ink absorptive layer furthest from the support. 

[0077] Furthermore, polymers other than cationic polymers represented by general formula (1) can be added in 
combination to each ink absorptive layer. 

[0078] The polymers other than cationic polymers represented by general formula (1) can be selected optionally 
from cationic polymers known employed in the ink jet recording sheets, and the particularly preferable one is that having 
number molecular weight of 1,000 to 100,000. 

[0079] Particularly, In case that a cationic polymer having tertiary ammonium base is a copolymer, the ratio of cat- 
ionic monomer is not less than 10 mol %, preferably 20 mol %, particularly preferably not less than 30 mol %. 
[0080] The cationic polymer having tertiary ammonium base can be employed singly or two or more. 
[0081] Concrete examples of the cationic polymer are listed, which does not limit the embodiment of the invention. 
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[0082] The pH of the ink absorptive layer surface of the recording sheet of the present invention is required to be in 
the range of 3 to 6.5. When the pH of the layer surface is less than 3, effects to improve blur after printing are not 
so obtained even employing the cationic polymer represented by general formula (1 ) and further, an ink absorptive volume 
decreases as the void ratio decreases. Furthermore, when the pH of the layer surface exceeds 6.5, the blur after print- 
ing is not reduced and the gloss tends to decrease. 

[0083] The particularly preferred layer surface pH is in the range of 3.6 to 5.3. 

[0084] The layer surface pH of the ink absorptive layer can be readily measured by dripping deionized water of 20 
55 to 50 nl on the surface of a recording sheet and employing a commercially available pH electrode. 

[0085] Suitably employed as the supports of the ink jet recording sheets of the present invention can be conven- 
tional paper supports, plastic supports, composite supports, and the like known in the art. However, in order to obtain 
clear images with increased density, hydrophobic supports are preferred into which ink liquid does not penetrate. 
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[0086] Preferably employed as hydrophobic supports are transparent or opaque plastic resin film supports, paper 
supports prepared by laminating the surfaces of paper with polyethylene, and the like. 

[0087] The transparent supports include, films composed of materials such as, for example, polyester series resins, 
diacetate series resins, triacetate series resins, acrylic series resins, polycarbonate series resins, polyvinyl chloride 
5 series resins, polyimide series resins, cellophane, celluloid, and the like. Of them, those are preferred, which are dura- 
ble for heat radiation when used for OHP, and polyethylene terephthalate is particularly preferred. The thickness of such 
transparent supports is preferably between about 10 and about 200 *im. It is preferred to provide sublayers on the ink' 
receptive layer side and the backing layer side from the viewpoint of adhesion of the ink receptive layer and backing 
layer to the support. 

10 [0088] Furthermore, preferably employed as supports which are used when transparency is not required are resin 
coated paper (so-called RC paper) having polyolefin resin coated layer comprising white pigments, etc. on at least one 
surface of a paper support, and so-called white PET prepared by adding white pigments to polyethylene terephthalate. 
[0089] With the purpose of enhancing adhesion strength between the above-mentioned support and the ink recep- 
tive layer, the support is preferably subjected to corona discharge treatment and subbing treatment prior to coating the 

is ink receptive layer. Further, the recording sheet of the present invention is not always required to be colorless and may 
be a colored recording sheet 

[0090] As the ink jet recording sheet of the present invention, a paper support which is laminated with polyethylene 
on both surfaces is particularly preferred because recorded images approach photographic qualities and are obtained 
at relatively low cost. Such a polyethylene laminated paper support is described below. 

20 [0091] Paper employed for a paper support is produced employing wood pulp as a main raw material, and in addi- 
tion, synthetic pulp such as polypropylene, etc. or synthetic fiber such as nylon, polyester, and the like, if required. As 
the wood pulp, any of LBKP, LBSP, NBKP, NBSP, LDP, NDP, LUKP, and NUKP can be employed. However, LBKP, NBSP, 
LBSP, NDP, and LDP having a shorter fiber portion are preferably employed in a larger ratio. However, a content ratio 
of LBSP and/or LDP is preferably between 10 and 70 weight percent. 

25 [0092] As the above-mentioned pulp, chemical pulp (sulfate pulp or sulfite pulp) containing minimum impurities is 
preferably employed, and pulp which is subjected to bleaching treatment to increase whiteness is also beneficial. 
[0093] Into the paper, can appropriately be added higher fatty acids, sizing agents such as alkylketene dimer, etc., 
white pigments such as calcium carbonate, talc, titanium oxide, etc., paper strengthening agents such as starch, poly- 
acrylamide, polyvinyl alcohol, etc., fluorescent whitening agents, moisture maintaining agents such as polyethylene gly- 

30 col, etc., dispersing agents, softening agents such as quaternary ammonium, etc. 

[0094] The degree of water freeness of pulp employed for paper-making is preferably between 200 and 500 ml 
according to CSF specification. Furthermore, the sum of weight percent of 24-mesh residue and weight percent of 42- 
mesh calculated portion regarding the fiber length after beating, specified in JIS-P-8207 is preferably between 30 and 
70 percent. Further, the weight percent of 4-mesh residue is preferably no more than 20 weight percent. 

35 [0095] The weight of the paper is preferably between 30 and 250 g/m 2 , and is most preferably between 50 and 200 
g/m 2 . The thickness of the paper is preferably between 40 and 250 |im. 

[0096] The paper may be calendered, during or after paper-making process, to result in enhanced smoothness. 
The density of the paper is generally between 0.7 and 1.2 g/m 2 (JIS-P-81 18). Furthermore, the rigidity of the base 
paper is preferably between 20 and 200 g under conditions specified in JIS-P-81 43. 
40 [0097] A surface sizing agent may be coated onto the surface of the paper. As surface sizing agents, the same as 
those described above which can be incorporated into the paper can be employed. 

[0098] The pH of the paper, when measured employing a hot water extraction method specified in JIS-P-8113, is 
preferably between 5 and 9. 

[0099] As polyethylene which covers both surfaces of the paper, low density polyethylene (LDPE) and/or high den- 
45 sity polyethylene (HDPE) is mainly employed. However, other than these, LLDPE, polypropylene, and the like can be 
partially employed. 

[0100] Specifically, a polyethylene layer on the surface of an ink receptive layer is preferably one in which, as carried 
out in photographic paper, rutile- or anatase-type titanium oxide is incorporated into polyethylene, and opacity as well 
as whiteness are improved. The content of titanium oxide is generally between 3 and 20 percent by weight of polyeth- 
50 ylene, and is preferably between 4 and 13 percent by weight. 

[0101] Polyethylene coated paper can be employed as glossy paper. Furthermore, in the present invention, poly- 
ethylene coated paper having a matte or silk surface can also be employed, which is prepared by embossing when pol- 
yethylene is melt-extrude-coated onto the surface of the paper. 

[0102] The employed amount of polyethylene on both surfaces of the paper is determined so that after providing an 
55 ink receptive layer and a backing layer, tendency to curl is minimized under low and high humidity. Generally, the thick- 
ness of the polyethylene layer on the ink receptive layer side is in the range of 20 to 40 jim and that of the backing layer 
side is in the range of 10 to 30 urn. 

[0103] Further, the above-mentioned polyethylene coated paper support having the following characteristics is pref- 
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erably employed: 

1 . Tensile strength: being strength specified in JIS-P-81 13, 2 to 30 kg in the longitudinal direction, and 1 to 20 kg in 
the lateral direction 

5 2. Tear strength: to be 10 to 200 g in the longitudinal direction and 20 to 200 g in the lateral direction in accordance 

with the method specified in JIS-P-81 16 

3. Compression elastic modulus: 103 kgf/cm 2 or more 

4. Beck surface smoothness: preferably no less than 20-second light for a gloss surface under conditions specified 
in JIS-P-81 19, and for embossed paper support, acceptable for less than this value 

w 5. Opacity: transmittance of visible light is preferably no more than 20% and most preferably no more than 15% 
under measurement conditions of parallel light incidence/diffused light transmission. 

[0104] With the recording sheet of the present invention, various types of hydrophilic layers such as a void layer, a 
sublayer, etc., which are optionally employed, if required, are coated onto a support employing a method suitably 
is selected from those known in the art. A preferred method is such that a coating composition composing each layer is 
coated and dried. In this case, at least two layers can be simultaneously coated. Specifically, simultaneous coating is 
preferred, which coats all hydrophilic binder layers simultaneously. 

[0105] Employed as the coating methods are preferably a roll coating method, a rod bar coating method, an air knife 
coating method, a spray coating method, a curtain coating method, or an extrusion coating method employing a hopper, 
20 as described in U.S. Pat. No. 2,681 ,294. 

[0106] When images are recorded employing the ink jet recording sheet of the present invention, a recording 
method using water-based ink is preferably employed. 

[0107] The water-based ink comprises liquid media composed of primarily colorant and water, and other additives. 
Employed as colorants can be water-soluble dyes and water-dispersed pigments, known in the art regarding ink jet 

25 printing such as direct dyes, acid dyes, basic dyes, reactive dyes, or food dyes, etc. 

[0108] Listed as solvents of water-based inks are water and various water-soluble organic solvents, for example, 
alcohols such as methyl alcohol, isopropyl alcohol, n-butyl alcohol, tert-butyl alcohol, isobutyl alcohol, etc.; amides such 
as dimethylformamide, dimethylacetamide, etc.; ketones or ketone alcohols such as acetone, diacetone alcohol, etc.; 
ethers such as tetrahydrofran, dioxane, etc.; polyalkylene glycols such as polyethylene glycol, polypropylene glycol, 

30 etc.; polyhydric alcohols such as ethylene glycol, propylene glycol, butylene glycol, triethylene glycol, 1 ,2,6-hexanetriol, 
thioglycol, hexylene glycol, diethylene glycol, glycerin, triethanolamine, etc.; lower alkyl ethers of polyhydric alcohols 
such as ethylene glycol methyl ether, diethylene glycol methyl (or ethyl) ether, triethylene glycol monobutyl ether, etc.; 
and the like. 

[0109] Of a number of these water-soluble organic solvents, polyhydric alcohols such as diethylene glycol, trieth- 
35 anolamine, glycerin, etc., and lower alkyl ethers of polyhydric alcohols such as triethylene glycol monobutyl ether, etc., 
are preferred. 

[0110] Other additives for the water-based inks include, for example, pH regulators, sequestering agents, mildew- 
cides, viscosity modifiers, surface tension adjusting agents, wetting agents, surface active agents, rust preventives, etc. 
[0111] In order to improve wettability onto a recording sheet, the water-based ink solution generally has, at 20 °C, 
40 a surface tension in the range of 25 to 60 dyn/cm, and preferably in the range of 30 to 50 dyn/cm. 

EXAMPLES 

[0112] The present invention is explained with reference to examples below, however, the present invention is not 
45 limited to these examples. Further, "%" in examples represents the absolute dry weight percent, unless otherwise spec- 
ified. 

Example 1 

so [0113] While stirring at room temperature, 4,500 ml of 18 percent aqueous dispersion A1 (having a pH of 2.5 and 
containing 3 weight percent of ethanol), in which gas phase method silica (A300, manufactured by Nihon Aerosil Kogyo 
Co.) with an average primary particle diameter of approximately 0.007 urn had been previously and uniformly dis- 
persed, were added to 1 ,000 ml of an aqueous solution C1 (having a pH of 2.5 and containing 2 g of antifoaming agent 
SN381 , manufactured by Sannobuko Co.) containing 12 weight percent of exemplified cationic polymer P-1 (having an 

55 average molecular weight of about 25000), 3 weight percent of n-propanol, and 2 weight percent of ethanol. 

[0114] Next, 350 ml of aqueous mixed solution containing boric acid and borax of 1 : 1 (having a concentration of 5 
percent of boric acid and borax, respectively) were gradually added while stirring. 

[01 15] Next, the resulting mixture was subjected to dispersion at a pressure of 500 Kg/cm 2 employing a high pres- 
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sure homogenizer manufactured by Sanwa Kogyo Co. and nearly transparent Dispersion B1 was obtained. 
[0116] Next, employing the above-mentioned dispersion B1 , 4 types of coating compositions described below 
prepared. 

First Layer Coating Composition (showing the amounts per liter of the coating composition) 
[0117] 



Silica Dispersion B1 


650 


ml 


Fluorescent whitening agent dispersion (described below) 


20 


ml 


Titanium oxide dispersion (described below) 


25 


ml 


Polyvinyl alcohol (PVA203, manufactured by Kuraray Co.) 10% aqueous solution 


5 


ml 


Polyvinyl alcohol (PVA235, manufactured by Kuraray Co.) 5% aqueous solution 


270 


ml 


Latex dispersion (AE803, manufactured Showa Kobunshi Kogyo Co.) 


20 


ml 


Deionized water to make 


1,000 


ml 



Second Layer Coating Composition (showing the amounts per liter of the coating composition) 
[0118] 



Silica dispersion B1 


650 


ml 


Fluorescent whitening agent dispersion (described below) 


30 


ml 


Polyvinyl alcohol (PVA203, manufactured by Kuraray Co.) 10% aqueous solution 


5 


ml 


Polyvinyl alcohol (PVA235, manufactured by Kuraray Co.) 5% aqueous solution 


270 


ml 


Latex dispersion (AE803, manufactured by Showa Kobunshi Kogyo Co.) 


20 


ml 


Deionized water to make 


1,000 


ml 



Third Layer Coating Composition (showing the amounts per liter of the coating composition) 
[0119] 



Silica dispersion B1 


620 


ml 


Fluorescent whitening agent dispersion (described below) 


20 


ml 


Polyvinyl alcohol (PVA203, manufactured by Kuraray Co.) 10% aqueous solution 


5 


ml 


Polyvinyl alcohol (PVA235, manufactured by Kuraray Co.) 5% aqueous solution 


270 


ml 


Latex dispersion (AE803, manufactured by Showa Kobunshi Kogyo Co.) 


10 


ml 


Deionized water to make 


1,000 


ml 
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Fourth Layer Coating Composition (showing the amounts per liter of the coating composition) 
[0120] 

5 





Silica dispersion B1 


600 m! 




Polyvinyl alcohol (PVA203, manufactured by Kuraray Co.) 10% aqueous solution 


5 ml 


10 


Polyvinyl alcohol (PVA235, manufactured by Kuraray Co.) 5% aqueous solution 


270 ml 




Surface active agent (saponin) 10% aqueous solution 


10 ml 




Silicone dispersion (BT- 22-839, manufactured by Toray-Dow Corning -Silicone Co.) 


20 ml 


15 


Deionized water to make 


1,000 ml 



[0121] Fluorescent whitening agent dispersion: while heating, added to 100 ml of a 3% aqueous acid-treated gela- 
tin solution (containing 4 g of saponin and 2 g of cationic polymer P-9) were a solution prepared by dissolving 0.6 g of 
an oil-soluble fluorescent whitening agent (UViTEX-OB manufactured by Ciba-Geigy Co. and 1 2 g of diisodecyl phtha- 
20 late in 25 ml of ethyl acetate, and the resultant mixture was emulsify -dispersed employing an ultrasonic homogenizer. 
The total volume was then adjusted to 140 ml by adding deionized water. 

[0122] Titanium oxide dispersion: dispersion comprising 40 weight percent of titanium oxide (W10), manufactured 
by Ishihara Sangyo Co. 

[0123] The viscosity of each of the above-mentioned coating compositions was between 30 and 40 cp at 40 °C, and 

25 was between 10,000 and 20,000 cp at 15 °C. 

[0124] Coating compositions prepared as described above were applied onto the recording side surface (having a 
75° glossiness of 32 percent of the support, onto which a sublayer with gelatin of 0.1 g/m 2 had been applied) of a 170 
g/m 2 paper support (having a thickness of 240 urn) laminated with polyethylene on both surfaces (having a thickness 
of about 35 urn and comprising 6 weight percent of anatase-type titanium dioxide in the polyethylene layer on the 

30 recording surface and having an about 30 urn thick polyethylene layer on the reverse surface) in the order of the first 
layer (50 urn), the second layer (50 (im), the third layer (50 urn), and the fourth layer (50 urn). The value in parenthesis 
shows each wet layer thickness. The first layer through the fourth layer were coated simultaneously. 
[0125] Each coating composition was coated at 40 °C employing a four-layer type slide hopper, and cooled imme- 
diately after coating for 20 seconds in a cooling zone maintained at 0 °C. The coating was then dried successively 

35 employing blown air at 20 to 30 °C for 60 seconds, blown air at 45 °C for 60 seconds, and blown air at 50 °C for 60 sec- 
onds, and Recording Sheet-1 of the present invention was thus obtained. 
[0126] Subsequently, the resultant recording sheet was stored at 35 °C for two days. 

[0127] Next, dispersions B2 through B10 were prepared in the same manner as dispersion B1, except that in 
Recording SheeM, cationic polymers were replaced as shown in Table 1, and Recording Sheet-2 through Recording 
40 Sheet-1 0 were prepared in the same manner as Recording Sheet-I . 

[0128] Prepared ink jet recording sheets were evaluated on the items described below. 

(1) Surface pH: 30 \x\ of deionized water was dripped on an ink absorptive layer and the layer surface pH was 
recorded at room temperature employing a flat electrode (GST-5313F), manufactured by Toa Denpa Co. 
45 (2) Glossiness: 75° glossiness was recorded employing a variable angle glossmeter (VGS-1001D P), manufac- 
tured by Nippon Denshoku Kogyo Co. 

(3) Image blur: lines having a width of about 0.3 mm of M, C, and K were printed employing PM750C manufactured 
by Seiko-Epson Co., and were stored at 23 °C for a week. The density of each printed line was measured in the 
direction of the width employing a microdensitometer, and a line broadening ratio (the ratio of the line width after 
so storage to that of the original) was obtained. 

[0129] Table 1 shows the obtained results. 



55 
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Table 1 



Recording Sheet 


Cationic Polymer (average 
molecular weight) 


Layer Surface pH 


Glossiness 


Image Blur 










M 


C 


K 


1 


P-1 (35,000) 


4.52 


59% 


1.12 


1.04 


1.26 


2 


P-4 (32,000) 


4.47 


57% 


1.09 


1.02 


1.21 


3 


P-7 (19,000) 


4.39 


56% 


1.18 


1.06 


1.37 


4 


P-1 2 (28,000) 


4.67 


58% 


1.07 


1.02 


1.20 


5 


P-1 (12,000) 


4.52 


56% 


1.16 


1.05 


1.26 


6 


P-1 (68,000) 


4.59 


52% 


1.09 


1.02 


1.21 


7 


P-1 (110,000) 


4.60 


47% 


1.08 


1.02 


1.20 


8 


Comparative RP1 (22,000) 


4.39 


57% 


1.31 


1.29 


1.52 


9 


Comparative RP2 (37,000) 


4.55 


58% 


1.39 


1.18 


1.82 


10 


not added 


4.61 


57% 


>3.0 


2.9 


>3.0 


11 


P-1 8 (30,000) 


4.42 


57% 


1.09 


1.02 


1.22 



25 [0130] The number average molecular weight of cation polymer is a value converted to styrene value obtained by 
gel permeation chromatography. 

[0131] Fine particles contained in the ink-absorptive layer of recording sheet 1 was observed as 60 nm in diameter 
by electron microscopy. 



Comparative RP1 



40 



45 



50 




fH3 
CH*~-N+-CH 3 
CP CH 3 

Comparative RP2 




CH 3 



COOC2H4OH COOCH3 



CH 3 



fH 3 



C00C2H4— rr— ch 3 



cr 



i 

CH 3 



pH 3 

C00CH3 



[0132] Based on the results in Table 1 , it is found that any of Recording Sheets-1 through -7 (particularly 1 to 7) 
exhibit high glossiness and further, result in reduced blur after printing. Specifically, it is found that Recording Sheets-1 
55 through -5, in which polymers, having a molecular weight of no more than 50,000 are employed as the cationic poly- 
mers, exhibit high glossiness, and Recording Sheet-1 , -2 and -4 through -6, having a cationic monomer component ratio 
of at least 70 percent, result in reduced blur. 

[0133] Contrary to this, it is found that Recording Sheet-7, in which a cationic polymer having an average molecular 
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weight of no less than 100,000 is employed, results in decrease in gloss, and Recording Sheet-8, in which Comparative 
Cationic Polymer RP1 having a cationic monomer ratio of 30 percent is employed, and Recording Sheet-9 in which a 
cationic polymer prepared by polymerizing cationic monomers not represented by general formula (1) is employed, 
result in more increased blur than the recording sheets of the present invention. 

5 

Example 2 

[0134] Dispersions B1(a) through B1 (f) were prepared in the same manner as dispersion B1, except that in the 
preparation of dispersion B1 employed in Recording SheeM of Example 1, the pH of each of solutions A1 and C1 was 
10 varied, and Recording Sheets-1 (a) through -(f) were prepared in the same manner as Recording SheeM . 

[0135] Evaluation was carried out in the same manner as Example 1, and the results shown in Table 2 were 
obtained. Furthermore, the rate of ink absorption was measured employing a Bristow test apparatus manufactured by 
Kumagai Riki Kogyo Co., and the transferred amount of ink during a 2-second contact time was obtained as an ink 
absorption volume. Table 2 shows the results. 

15 



Table 2 



Recording Sheet 


Layer Surface pH 


Glossiness 


Image Blur 


Ink Absorption Volume 
(ml/m 2 ) 








M 


C 


K 




1 


4.52 


59 


1.12 


1.04 


1.26 


25.3 


1(a) 


2.88 


60 


1.51 


1.32 


1.72 


21.2 


1(b) 


3.43 


58 


1.29 


1.15 


1.32 


23.9 


1{c) 


3.98 


59 


1.17 


1.09 


1.26 


24.5 


1(d) 


5.11 


57 


1.13 


1.02 


1.22 


25.2 


1(e) 


5.52 


53 


1.27 


1.12 


1.36 


25.0 


1(0 


6.25 


49 


1.30 


1.31 


1.28 


24.5 


1(g) 


6.80 


41 


1.39 


1.35 


1.78 


24.0 



35 [0136] Based on the results shown in Table 2, it is found that Recording Sheets-1, -1 (b) through -1(e) having a layer 
surface pH of 3 to 6 result in reduced blur, and when recording sheets have a pH other than these, effects for minimizing 
blur is small. It is also found that specifically, Recording Sheets-1 , -A1 (c), and -1 (d), having a layer surface pH of 3.6 to 
5.3, result in reduced blur and further, result in minimum decrease in absorption volume and gloss. 

40 Example 3 

[0137] Dispersions B12 through B1 7 were prepared in the same manner as dispersion B1 , except that in the prep- 
aration of dispersion B1 employed in Recording SheeM of Example 1 , modification was made as mentioned below, and 
Recording Sheets-1 2 through -17 were prepared in the same manner as Recording SheeM. 
45 [0138] Dispersion 1 2: Amount of the cationic polymer was reduced to 2/3 in Dispersion B1 . 

[0139] Dispersion 13: Silica particles in Dispersion B1 was replaced by gas phase method silica having primary 
average particle diameter of 0.012 jam (A200, manufactured by Nihon Aerosil Kogyo Co.). 

[0140] Dispersion 14: Silica particles in Dispersion B1 was replaced by gas phase method silica having primary 
average particle diameter of 0.04 \im (OX 50, manufactured by Nihon Aerosil Kogyo Co.). 
so [0141] Dispersion 15: Silica particles in Dispersion B1 was replaced by a 1:1 mixture by weight of gas phase 
method silica having primary average particle diameter of 0.007 pm employed in B1 and gas phase method silica hav- 
ing primary average particle diameter of 0.012 urn employed in B13. 

[0142] Dispersion 16: Silica particles in Dispersion B1 was replaced by a 4:1 mixture by weight of gas phase 
method silica having primary average particle diameter of 0.007 ^m employed in B1 and gas phase method silica hav- 
55 ing primary average particle diameter of 0.04 employed in B13. 

[0143] Dispersion 17: Silica particles in Dispersion B1 was replaced by a 1:1 mixture by weight of gas phase 
method silica having primary average particle diameter of 0.07 jim employed in B1 and gas phase method silica having 
primary average particle diameter of 0.04 u,m employed in B14. 
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[0144] Particle diameter contained in the ink-absorptive lawyer in each recording sheet was measured by electron 
microscope, and the result was shown in Table 3. For each recording sheet 12 to 17 pH at the surface was 4.52 ± 0.1 , 
same as that of recording sheet 1 . 



Table 3 



Recording sheet 


Fine particles 


Gloss 


Image Blur 




Dispersion 


Average particle diame- 
ter 




M 


C 


K 


1 


B1 


60 nm 


59% 


1.12 


1.04 


1.26 


12 


B12 


76 nm 


57% 


1.10 


1.02 


1.21 


13 


B13 


90 nm 


56% 


1.12 


1.03 


1.22 


14 


B14 


230 nm 


25% 


1.09 


1.02 


1.20 


15 


B15 


110 nm 


52% 


1.12 


1.04 


1.21 


16 


B16 


100 nm 


54% 


1.15 


1.05 


1.28 


17 


B17 


180 nm 


39% 


1.10 


1.03 


1.28 



[0145] The recording sheets-1 , -12, -13, -15 through -17 demonstrate good result in gloss and image blur as shown 
in Table 3, particularly, samples having particle diameter not more than 160 nm are excellent in gloss. 

Example 4 

[0146] Dispersions B1* in Recording Sheet-1 of Example 1, was prepared in the same manner as dispersion B1, 
except that cation polymer P-1 (average molecular weight: about 25,000) 12 wt%, was replaced by a cation polymer 
described below in 12 wt %, corresponding to a cationic polymer other than the water-soluble cationic polymer (a) 
appeared in Claim 4. 

[0147] Recording sheet 1* was prepared by the same way as the Recording sheet 1, except that 650 ml of silica 
dispersion B1 ' was employed in place of 650 ml of silica dispersion B1 in the preparation of the First and Second Layer 
Coating Compositions. The surface pH of the Recording sheet V was 4.62. 

[0148] As a result of evaluation the Recording sheet 1 ' possesses the advantage of the invention. 

CH3 CH3 

COOCH3 COOC2H5 



Industrial Application 

[0149] An ink jet recording sheet can be obtained, which is improved in image blur after they are stored at high tem- 
perature or stored in piles. 

Claims 

1. An ink jet recording sheet comprising a support having thereon an ink- absorptive layer comprising a hydrophilic 
binder, fine inorganic particles having an average particle diameter of no more than 200 nm and a water-soluble 
cationic polymer represented by formula (1 ) described below, wherein pH of a surface of the ink-absorptive layer is 
3 to 6.5, 



CH 3 



COOC2H4— IT— CH 3 

cr CH 3 
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Formula ( 1 ) 




R 3 



R 2 



wherein R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R n , R 2 , and R 3 each inde- 
pendently represents an alkyl group, and J represents a divalent bonding group; X" represents an anion; Q repre- 
sents a repeat unit,- derived from a monomer having an ethylenic unsaturated group. Q includes the case in which 
at least two types of monomers are polymerized; x represents 40 to 100 mole percent and y represents 0 to 60 
mole percent. 

An ink jet recording sheet comprising a support having thereon an ink-absorptive layer comprising a hydrophilic 
binder, fine particles having an average particle diameter of no more than 200 nm which are formed by composing 
inorganic particles having an average primary particle diameter of no more than 30 nm, and a water-soluble cati- 
onic polymer represented by formula (1) described below, wherein pH of a surface of the ink-absorptive layer is 3 
to 6.5, 



wherein R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R 1t R 2 , and R 3 each inde- 
pendently represents an alkyl group, and J represents a divalent bonding group; X" represents an anion; Q repre- 
sents a repeat unit, derived from a monomer having an ethylenic unsaturated group; Q includes the case in which 
at least two types of monomers are polymerized; x represents 40 to 100 mole percent and y represents 0 to 60 
mole percent. 

An ink jet recording sheet comprising a support having thereon an ink-absorptive layer comprising a hydrophilic 
binder, fine particles having an average particle diameter of no more than 200 nm which are formed by composing 
inorganic particles having an average primary particle diameter of no more than 30 nm, and a water-soluble cati- 
onic polymer represented by formula (1) described below, having an average molecular weight of no more than 
1 00,000, wherein pH of a surface of the ink-absorptive layer is 3 to 6, 



Formula (1) 



R 




Formula (1) 



R 




3 
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wherein R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R 1( R 2 , and R 3 each inde- 
pendently represents an alkyl group, and J represents a divalent bonding group. X' represents an anion. Q repre- 
sents a repeat unit, derived from a monomer having an ethylenic unsaturated group. Q includes the case in which 
at least two types of monomers are polymerized, x represents 50 to 100 mole percent and y represents 0 to 50 
mole percent. 

An ink jet recording sheet comprising a support having thereon an ink- absorptive layer comprising a hydrophilic 
binder, inorganic particles having an average primary particle diameter of no more than 30 nm, and a water-soluble 
cationic polymer represented by formula (1) described below, wherein pH of a surface of the ink-absorptive layer is 
3 to 6.5. 



wherein R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R u R 2 , and R 3 each inde- 
pendently represents an alkyl group, and J represents a divalent bonding group; X" represents an anion; Q repre- 
sents a repeat unit, derived from a monomer having an ethylenic unsaturated group; Q includes the case in which 
at least two types of monomers are polymerized; x represents 40 to 100 mole percent and y represents 0 to 60 
mole percent. 

An ink jet recording sheet comprising a support having thereon an ink-absorptive layer comprising a hydrophilic 
binder, inorganic particles having an average primary particle diameter of no more than 30 nm, and a water-soluble 
cationic polymer represented by formula (1 ) described below, having an average molecular weight of no more than 
100,000, wherein pH of a surface of the ink-absorptive layer is 3 to 6, 



wherein R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R,, R 2 , and R 3 each inde- 
pendently represents an alkyl group, and J represents a divalent bonding group; X" represents an anion; Q repre- 
sents a repeat unit, derived from a monomer having an ethylenic unsaturated group; Q includes the case in which 
at least two types of monomers are polymerized; x represents 50 to 100 mole percent and y represents 0 to 50 
mole percent. 

An ink jet recording sheet comprising a support having thereon an ink- absorptive layer comprising a hydrophilic 
binder, fine inorganic particles having an average particle diameter of no more than 200 nm and a water-soluble 
cationic polymer represented by formula (1) described below, and a cationic polymer other than the water-soluble 
cationic polymer represented by formula (1) described below, wherein pH of a surface of the ink-absorptive layer is 
3 to 6.5, 



Formula (1) 




Formula (1) 
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Formula ( 1 ) 



5 



10 




wherein R represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, R 1t R 2 , and R 3 each inde- 
pendently represents an alkyl group, and J represents a divalent bonding group; X' represents an anion; Q repre- 
r5 sents a repeat unit,* derived from a monomer having an ethylenic unsaturated group; Q includes the case in which 
at least two types of monomers are polymerized; x represents 40 to 1 00 mole percent and y represents 0 to 60 
mole percent. 
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